Background: In view of the many white or predominantly white lesions of the oral mucosa it is a challenge for dentists to clinically identify a leukoplakia, being a potentially (pre)malignant lesion. Material and Methods: Based on the available literature and experience of the authors the parameters of a clinical diagnosis of oral leukoplakia have been studied. Results: A guide has been presented that should help dentists to establish a clinical diagnosis of leukoplakia as accurate as possible. Conclusions: Probably in most parts of the world dentists will need the help of a specialist for confirmation or exclusion of the clinical diagnosis of oral leukoplakia and for further management of the patient, including patient information.
Introduction
Oral leukoplakia, being a predominantly white change of the oral mucosa, is the most common potentially (pre)malignant lesion. It is a relatively rare disease with an estimated prevalence of less than 1%. Men and women are more or less equally affected. Oral leukoplakia rarely occurs in the first two decades of life and is much more common in tobacco users than in non-tobacco users. Leukoplakia may occur everywhere in the oral cavity and is often asymptomatic otherwise. The clinical diagnosis is primarily based on visual inspection and manual palpation. There are no other useful diagnostic aids for the clinical diagnosis. The histopathological findings in leukoplakia range from hyperkeratosis without epithelial dysplasia to various degrees of epithelial dysplasia and even carcinoma e60 in situ, frank squamous cell carcinoma and verrucous carcinoma. The annual risk of malignant transformation of leukoplakia, if not malignant already at the first visit, is approximately 2%-3%. There are many, statistically somewhat useful, predictive factors of malignant transformation, such as the seize of the lesion, the clinical subtype, the oral subsite, and the presence or absence of epithelial dysplasia as assessed by histopathological examination, but these can not reliably be used in the individual patient. This also applies to numerous molecular markers that have been reported as predictive markers of malignant transformation. Spontaneous regression of leukoplakia is exceedingly rare. Surgical and non-surgical treatments have not been shown to be effective in preventing possible future malignant transformation (1). It is a challenge for the general dentist to be able to timely identify a leukoplakia. The most recent definition, formulated at a World Health Organization supported meeting, reads: "A white plaque of questionable risk having excluded (other) known diseases or disorders that carry no increased risk for cancer" (2) . For use by clinicians this definition may be modified into : "A predominantly white, non-wipable lesion of the oral mucosa having excluded clinically, histopathologically or by the use of other diagnostic aids other, well-defined predominantly white lesions". In fact, a diagnosis of leukoplakia is one by exclusion of a large number of well-defined common and also uncommon lesions and disorders that may occur in the oral mucosa. A dentist-general practitioner can not be supposed to be familiar with all such lesions and disorders. The present text is intended to serve as a guide for use in the daily practise.
A clinical diagnosis of leukoplakia
A clinical diagnosis or differential diagnosis of a mucosal lesion is the result of a number of parameters. The importance of each parameter varies according to the type of lesion. The parameters and their relevance with regard to the establishment of a clinical diagnosis of leukoplakia have been listed in table 1. Traditionally, leukoplakias are clinically subdivided in a homogeneous and a non-homogeneous variant. In homogeneous leukoplakia the lesion is uniformly white and the surface is flat or slightly wrinkled. In non-homogeneous leukoplakia there is a mixed white-and-red color ("erythroleukoplakia"); the surface may be flat, speckled or nodular. A separate variant of non-homogeneous leukoplakia is the wartlike, verrucous type. In case of a widespread presentation and depending on other criteria such as worsening along time, this type is referred to as proliferative verrucous leukoplakia. Nonhomogeneous leukoplakias carry, statistically, a higher risk of malignant transformation.
A list of leukoplakialike, well-defined predominantly white lesions and their main diagnostic criteria is depicted in table 2,2 continue. This table may be helpful as a checklist in distinguishing such entities from leukoplakia. The benign white oral mucosal lesions that may be encountered in genodermatoses should not be difficult to diagnose by the dentist, provided the patients have, indeed, disclosed their medical history. This partly also applies to the diagnosis of hairy leukoplakia although there are cases in which the patient is unaware of the underlying HIV infection or immunosuppressive state for other reasons. Another challenge is the diagnosis of white oral lesions as manifestation of the second stage of syphilis. Here, too, the patient may be unaware of the relevance of lifestyle aspects or may be reluctant to disclose these to the dentist. In such instances, a biopsy or another diagnostic aid, particularly serology, may be required. In some of the listed entities it is questionable whether or not to consider them as a well-defined entity and not as leukoplakia. This particularly applies to "epithelial peeling" (3) and glassblower's white patch; (4) alveolar ridge keratosis (5) and frictional keratosis of the buccal gingiva are other examples (6) . Little is known about the possible potentially (pre)malignant character of Sanguinaria-associated keratosis and, therefore, it is actually unknown whether it is justified to separate this lesion from the category of leukoplakia (7). Yet another subject of debate is the Cinnamon-induced contact stomatitis (8) . In case of a possible etiologic factor, such as tobacco use or the presence of an amalgam restoration in close contact with the lesion, the dentist may await the result of the elimination of such factor for no longer than a somewhat arbitrarily chosen period of three months, provided the patient is asymptomatic otherwise. In the presence of symptoms a biopsy should be taken first. In case of a provisional diagnosis of cinnamon-induced lesions or Sanguinaria-associated keratosis it may be difficult to prove the causitive role of such agents. In the absence of possible etiologic factors or lack of response to the elimination of such factors, referral to a specialist is recommended, both for assessment of the final diagnosis, the further managment of the patient and the provision of adequate patient information. Probably the most common diagnostic challenge is the distinction between leukoplakia and non-reticular lichen planus and lichenoid lesions from. An example is shown in figure 1 . Such distinction is of importance for the management of the patient, which partly relates to the issue of potential (pre)malignancy of leukoplakia and partly to the issue of treatment in case of symptoms, particularly when the use of topical steroids is considered. In such cases a biopsy may be helpful, but even then there may remain cases that can not be clearly e61
Parameter
Relevance with regard to a clinical diagnosis of leukoplakia Age Leukoplakia rarely occurs in the first two decades of life.
Gender Not relevant.
Ethnic background Not relevant, except for a diagnosis of leukodema that is mainly seen in dark skinned people.
Medical history
The medical history is of importance for the diagnosis of several leukoplakialike diseases, such as the oral manifestations of genodermatoses, syphilis and HIV-infection.
Profession
Leukoplakialike lesions may occur in glassblowers; no other professions are of relevance with regard to a diagnosis of leukoplakia.
Tobacco habits of any type
Leukoplakia is much more common in tobacco users; therefore, this parameter does have some relevance.
Symptoms
Most leukoplakias are asymptomatic otherwise, but however pain or itching may occur.
Onset of the disease Most, if not all, leukoplakias arise slowly, probably in a matter of several months or years.
Course of the disease Leukoplakia runs as a stable disease, not showing remissions and exacerbations.
Morphology

Seize
In previous definitions a minimum diameter of 0.5 cm was required in the definition of leukoplakia; at present, this requirement has been deleted. Seize is not relevant with regard to a clinical diagnosis of leukoplakia.
Color
The color of leukoplakia may vary from homogeneous white to a mixed white-and-red appearance and is a sine qua non for a diagnosis of leukoplakia.
Texture
The texture of leukoplakia may vary from smooth, wrinkled to wartlike (verrucous). Thin, homogeneous leukoplakia should not show induration at palpation; in thick, verrucous leukoplakias, the presence of induration at palpation may be difficult to assess. Ulceration is not a normal finding in leukoplakia and may be indicative of malignancy.
Delineation; well-delineated versus poorly delineated
Is not a relevant parameter.
Solitary versus multiplicity
This parameter is not of much relevance.
Oral subsite Leukoplakia may occur at any oral subsite; therefore, subsite is not relevant diagnosed as either leukoplakia or lichen planus or lichenoid lesion. As a general rule each leukoplakia should be biopsied irrespective of the presence or absence of symptoms, the clinical subtype (homogeneous or non-homogeneous), the seize and the oral subsite. In extensive leukoplakias the taking of multiple biopsies ("mapping") may be considered. Probably in most parts of the world dentists are not trained to perform incisional or excisional biopsies; therefore, referral to a specialist for such procedure is advised.
The treatment policy, particularly in leukoplakias that are otherwise asymptomatic, is an issue of debate in view of the questionable effectiveness of whatever type of surgical or non-surgical treatment (1) .
Discussion
The present definition of leukoplakia has been worded in a negative way by excluding well-defined predominantly white lesions. Therefore, the accuracy of the clinicians' diagnosis very much depends on their diagnostic capabilities. The use of artificial intelligence may become of great help in the near future to support the dentist in obtaining a correct clinical diagnosis of leukoplakia, similar as has been demonstrated in the clinical diagnosis of melanoma of the skin by the use of dermascopic pictures (9) . Incorporated in smartphones artificial intelligence might then become a valuable instrument for use by dentists in the diagnostic process of predominantly white lesion of the oral mucosa. The various terminologies that are being used in relation to the many predominantly white lesions of the oral mucosa, as shown in table II, are somewhat confusing, particularly at the level of the dentist-general practitioner. For instance, hairy leukoplakia is clearly a misnomer since 1) it is a well-defined entity, 2) it is not a potential (pre)malignant lesion, and 3) the lesion is not always "hairy" clinically. 
Intraepithelial dyskeratosis, hereditary benign
Extremely rare genodermatosis; presents early in life. Affects the oral and conjunctival mucosa. The oral lesions mimic those of white sponge nevus but do not have distinct distinguishing clinical aspects with regard to leukoplakia.
Pachyonychia congenita
Rare genodermatosis characterized by skin involvement and nail changes early in life The oral manifestation consists mainly of verrucous, morsicatiolike changes at the borders of the tongue. No distinct distinguishing aspects.
White sponge nevus
Young age; often family history. Always bilateral presentation of somewhat verrucous white mucosal changes. No distinct distinguishing aspects.
Geographic tongue Almost always easy to recognize by its clinical presentation. Ectopic geographic tongue (also called geographic stomatitis) may occasionally difficult to recognize as such.
Glassblower's white patch May occur in glassblowers. No distinguishing aspects. Has been scarcely reported.
Hairy leukoplakia More or less limited to HIV infected patients but may also occur in patients who are immunocompromised due to other causes. Almost exclusively occurring bilateral on the borders of the tongue. Clinical aspect is not diagnostic.
Keratotic lesions (include reversed smoking keratosis, alveolar ridge keratosis, frictional keratosis, sanguinaria-associated keratosis, tobacco pouch keratosis and keratosis of unknown significance) Different etiologies and various clinical presentations without distinct clinical aspects.
Reversed smoking keratosis and tobacco pouch keratosis have malignant potential. It is questionable whether it is justified to exclude alveolar ridge keratosis and frictional keratosis of the buccal gingiva from the category of leukoplakia. Sanguinaria-associated keratosis is another somewhat questionable entity. Is mainly located in the mucobuccal fold in the anterior maxilla. lesions is another source of confusion. Some of these lesions, such as reversed smoking keratosis and tobacco pouch keratosis are indisputily potential (pre)malignant and are not always characterized histopathologically by (hyper)keratosis. Admittedly, the risk of malignant transformation in predominantly white lesions of the alveolar ridge ("alveolar ridge keratosis") and the buccal gingiva ("frictional keratosis") is lower than for similar lesions located on the borders of the tongue or the floor of the mouth. It seems questionable, however, to remove such lesions from the category of leukoplakia. Of course, it is well recognized that avoidance of the term leukoplakia for lesions which carry a low risk of malignant transformation is an attractive option with regard to patient information. The distinction between leukoplakia and non-reticular lichen planus seems to be the biggest challenge in the clinical diagnostic process. Theoretically, these lesions may occur simultaneously or may perhaps transform in time in one another, e.g. lichen planus transforming into leukoplakia.
The recommendation that each leukoplakia should be biopsied may be somewhat questionable at the specialists' level, but seems a safe advise for dentists.
e64 Fig. 1 : White lesion at the dorsum of the tongue that clinically qualifies for leukoplakia, plaque type lichen planus and perhaps also for hyperplastic candidiasis (a); only because of the simultaneous presence of lichen planus lesions elsewhere in the oral cavity there is a strong preference to diagnose the lingual lesion as plaque type lichen planus (b and c).
Recommendation
In case of a clinical diagnosis of leukoplakia or where such diagnosis is part of the differential diagnosis the dentistgeneral practitioner is advised to look for consultation with a specialist both for confirmation or exclusion of the diagnosis and the further management of the patient. Also patient information about leukoplakia can probably better be provided by a specialist than by a general practitioner who is rarely confronted with this lesion.
